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I Superlattice ordering in GalnP is well-known to many basic physics researchers as a material property 
with strong influence on the electronic band structure. However, it is seldom used or even avoided 
when it comes to devices. Studies performed at the University of Stuttgart have revealed more details 
about this peculiar phenomenon and demonstrated that it may be very helpful in optimizing or even 
creating new device concepts. 
Heinz Schweizer with his High Voltage ion implanter for the realization of 
order/disorder structures on a nanometer scale. The machine is capable 
of implanting various ions at high energies up to 400 keV with high 
precision, 
A 
t the 4. Physikalisches Institut 
of the University of Stuttgart, 
headed by Prof. M. Pilkuhn, 
research on III-V compound hctero 
structures has a long-standing tradi- 
tion. Since the early seventies, InP 
and related hetero structures have 
been grown by liquid and vapor phase 
epitaxy and studied with respect o 
their optoelectronic properties. Cur- 
rently, about 50 researchers (mainly 
PhD and diploma students) are work- 
ing on various material and device or- 
iented topics. Epitaxial growth of 
heterostructures and device structures 
is being performed in the Crystal La- 
boratory headed by Dr Ferdinand 
Scholz. The group has been working 
on MOVPE for around 17 years. Cur- 
rently, it is working on III-V semicon- 
ductors  spann ing  the  who le  
wavelength range from the infra-red, 
i.e. GalnAs-InP, up to the blue and 
UV, i.e. GaN-GaInN [1], using four 
MOVPE systems. These reactors have 
been built in-house and also in colla- 
boration with AIXTRON GmbH. 
Our main focus is quantum well 
structures for basic studies and device 
applications. We are also studying self- 
organized ots [2] as well as novel me- 
talorganic precursors [3]. Further pro- 
cessing of the epitaxial structures i
done in our M ic ros t ructure  Lab 
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Andreas Hangleiter with a setup used for optical gain measurements and waveguiding studies on 
ordered GalnPstructures. 
headed by Dr Heinz Schweizer. In a 
modern cleanroom of about 500 m2, 
the fabrication of nanoscale structures 
by e-beam lithography enables tudies 
on quantum wires and dots as well as 
the realization of distributed feedback 
(DFB) [4] and distributed Bragg re- 
flector (DBR) lasers in GalnP emit- 
ting at 670 and 635 nm, respectively. 
In addition, second order (optically 
pumped) GalnN DFB lasers have 
been fabricated [5]. These high tech- 
nology groups are well supported by 
our characterization laboratories, 
which are in part affiliated with our 
Optoelectronics Group headed by Dr 
Andreas Hangleiter. Here basic phy- 
sics such as recombination processes 
and optical gain [6] in semiconductor 
microstructures are studied side by 
side to device oriented questions like 
dynamics of semiconductor lasers [7] 
and electro-optic modulators utilizing 
a large variety of spectroscopic meth- 
ods. 
Our strongest effort combining all 
these groups currently lies on the 
growth, processing and characteriza- 
tion of diode lasers emitting in the 
red (630 and 670 nm). These lasers are 
made of GalnP-A1GalnP quantum 
well structures. For high power appli- 
cations, we are studying the MOPA 
concept (integration of aMaster Oscil- 
lator and a Power Amplifier). Light 
output powers exceeding 1 W have re- 
cently been obtained. Basic material 
and heterostructure properties are also 
investigated. 
Superlattice ordering 
of GalnP 
In this report we focus on the superlat- 
tice ordering of the ternary compound 
GalnP. When epitaxially grown under 
particular conditions, GalnP exhibits 
natural superlattice ordering, charac- 
terized by alternating Ga-rich and In- 
rich monolayers on one or two of the 
four (111) crystal planes (CuPtB type 
ordering) [8]. The development of or- 
dering is driven by phosphorus dimers 
on the growing surface during the 
MOVPE process. In the bulk, the or- 
dered state is only metastable, whereas 
the disordered state represents the 
thermodynamic equilibrium state. 
The degree of ordering can be con- 
trolled by the growth conditions as 
temperature, growth rate, GaAs sub- 
strate misorientation, V/III-ratio or 
doping. Its most striking fingerprints 
are additional interference peaks in 
electron beam diffraction and a band- 
gap shift to lower energies as a conse- 
quence  of  the reduced  crysta l  
symmetry from cubic Td (zincblende) 
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Some of  the changed material 
properties may have a strong influence 
on device functionalit F Thus, our re- 
cent studies focused on some device 
relevant issues related with CUPtB- 
type ordering in GaInP, and we de- 
scribe here three examples: 
Ferdinand Scholz operating an AIXTRON AIX 200 MOVPE system 
where the ordered GalnP device structures have been grown. 
to C3v (CuPt) where the three space di- 
rections are no longer equivalent. It is 
obvious that this not only changes the 
band gap, but influences most electro- 
nic properties. 
In our studies, we have investi- 
gated the formation of ordering and 
its consequences on the optoelectro- 
nic properties as evidenced in optical 
emission and absorption spectra [9]. 
We could establish detailed relations 
between growth conditions uch as 
temperature, substrate misorientation, 
growth rate, etc., and material proper- 
ties like ordering induced band gap re- 
duction or valence band splitting. The 
latter enables a simple determination 
of the degree of ordering independent 
of  alloy composit ion fluctuations. 
Moreover, the development and the 
characteristics of the typical domain 
structure in ordered GalnP was inves- 
tigated. Such domains are defined as 
regions within the crystal with the 
same degree of ordering and a strong 
long range phase correlation of the 
InP-GaP superlattice. 
During the epitaxial process, the 
development of ordering starts simul- 
taneously at various positions on the 
wafer. These regions may differ in the 
phase relation of the InP-GaP super- 
lattice or in the ordering direction 
thus forming the so-called domain 
boundaries when coalescing. The size 
of the domains depends again on the 
growth temperature aching fairly 
large values around 1 ~un at compar- 
ably high temperatures, whereas at 
lower temperatures (where the stron- 
gest ordering occurs) only small do- 
mains develop. 
(i) 
(ii) 
Owing to the symmetry reduction, 
ordering reduces the density of 
states imilar as in strained layers 
or quantum wells. This is of major 
importance for applications in laser 
devices. Theoretical calculations 
show that the carrier density of 
transparency is reduced and there- 
fore lower threshold currents may 
be expected. However, in practice, 
the best GalnP lasers are fabricated 
with disordered material. This dis- 
crepancy isclosely related to the do- 
main structure of ordered GalnP: 
the small domain size, i.e. the large 
domain boundary density in highly 
ordered layers obviously limits the 
theoretically expected evice im- 
provements. 
Our studies showed that the do- 
main structure and thus their size 
is transferred from the grown ma- 
terial to the freshly deposited layer 
over a certain distance. This en- 
ables the artificial preparation of 
strongly ordered material with 
large domains by growing on less 
ordered material, where already 
large domains have developed, 
under growth conditions which 
result in a high degree of ordering. 
The simplest way is to start growth 
at comparably high temperatures 
(resulting in large domains) and 
then to reduce the growth tem- 
perature thus substantially in- 
creasing the degree of ordering. 
in such laser structures with large 
domains of high degree of order- 
ing, we indeed observed larger 
optical gain and reduced thresh- 
old currents [10]. 
As the ordering state is metastable 
in the bulk, it may be disordered 
after epitaxial growth. This can be 
thermally induced requiring tem- 
peratures above 850°C. The thresh- 
old temperature can be lowered by 
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introducing defects in the crystal 
which increase the atomic mobility 
necessary for the local exchange of 
the Ga and In atoms. Such defects 
may be created by ion implantation. 
When this is done via lithographi- 
cally defined masks, the disorder- 
ing can be induced locally on a 
sub-micrometer  scale. By this 
techn ique ,  we have lateral ly 
modulated the band gap in the ac- 
tive layer of a laser structure [11]. 
Nitrogen ions were implanted 
with doses of about 1012 cm -2 at 
ion energies of 20 keV. Disorder- 
ing took place in a subsequent an- 
nealing step at around 780°C. We 
succeeded in producing optically- 
pumped gain coupled distributed 
feedback lasers by fabricating first 
order band gap modulated grat- 
ifigs with periods around 100 nm. 
This procedure does not require 
any dry etching processes, and 
further processing steps are easier 
as the planar surface is not chan- 
ged. 
(iii) The reduced crystal symmetry has a 
strong influence on the light propa- 
gation in ordered A1GaInP/GaInP 
waveguides. The structures how 
birefringence causing mode con- 
version between theTE andTM po- 
larization of the propagating light. 
The propagation of new 'super- 
modes'as a combination of the ba- 
sic TE and TM modes is favored 
depending on the degree of order- 
ing and the waveguide properties. 
This behaviour isvery sensitive to 
the size and the orientation of the 
dielectric tensor. 
In order to obtain tunable polari- 
sation conversion, we have epi- 
taxially grown ordered GaInP/ 
AIGaInP waveguide p-n struc- 
tures containing strained GaInP 
quantum wells. A reverse voltage 
applied to these structures alters 
the properties of the waveguide 
due to the quantum conf ined 
Stark effect in the quantum wells 
and the Franz-Keldish effect in 
the waveguide region. 
A device which tunably converts 
TE to TM polarization and vice 
versa at a dev ice  length  o f  
1.77 mm and an operating voltage 
of 4 Vcould be demonstrated [12]. 
These examples how the strong 
cross-correlation between basic phy- 
sics and applied technology, a typical 
example for most of our projects. Only 
by such a combination, ew and unex- 
pected phenomena may find their way 
into tomorrow's commercial devices. 
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